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Cada (tic-tac) es un segundo de la vida 
que pasa, huye, y no se repite.  Y hay en 
ella tanta intensidad, tanto interés, que 
el problema es sólo saberla vivir.  Que 
cada uno lo resuelva como pueda. 
!Frida Kahlo!
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3*/9(41-1()./0!P+!0(C214/!02091.+)4/!(,!1).(*80!4(!91*2Q+)/0!(!1):(0.1C+4/*(0$!"Z&$!




(0! ()! (0.(! 0().14/! 2)/! 4(! ,/0! -+;/*(0! +:+)9(0! ()! (,! 9+-3/! 4(! ,+! 91*2CA+!
/7.+,-/,6C19+$! 4(<14/! ()! 3+*.(! +! ,+! C*+)! *(429916)! 4(! 9/-3,19+91/)(0!




.+)./$! 01C2(!4(03(*.+)4/!(,! 1).(*80! 91().A719/!3/*! ,+!41)=-19+!4(!(0./0!4().*/!4(,!
/Q/!;!02!*(7,(Q/!0/<*(!,+!3*(016)!1).*+/92,+*!"#]&!
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!! F)! (,! +V/! %]]\$! '*1)<+2-!g>! ;! 9/,0>! "##&! 32<,19+*/)! 2)! .*+<+Q/! ()! (,! B2(!
9/-3+*+<+)! 4(! )2(:/! ,/0! 9+-<1/0! 4(! 3*(016)! 1).*+/92,+*! ()! .1(-3/! *(+,! ;! 02!
*(,+916)! 9/)! ,/0! 010.(-+0! 4(! 1)72016)! ;! -+).()1-1()./! 4(! 9=-+*+! +).(*1/*!
(H.(*)/0$!()!(0.(!9+0/!+,!*(+,15+*!4/0!417(*().(0!.89)19+0!4(!91*2CA+!4(!9+.+*+.+R!,+!
7+9/(-2,01719+916)! ;! ,+! .89)19+! 4(! (H.*+9916)! 4(! 9+.+*+.+! (H.*+9+302,+*! 9/)!
1)9101/)(0! 3(B2(V+0$! ()! 2)! C*23/! 4(! 3+91().(0! 3*(:1+-().(! 0(,(991/)+4/0>! b20!
9/)9,201/)(0! 0(C2A+)! *(1.(*+)4/! ,+! )(9(014+4! 4(! 2)! -(Q/*! 9/).*/,! 4(! ,+0!
7,29.2+91/)(0! 4(! GWX! 3*/42914+0! 42*+).(! ,+! 91*2CA+! 3+*+! -+).()(*! 80.+0! +! 2)/0!
)1:(,(0!7101/,6C19/0!(0.+<,(0>!
F)! (0.(! 9/).(H./$! ,+0! .89)19+0! 4(! 7+9/(-2,01719+916)! 9/)! I-19*/1)91016)!
<1-+)2+,J!P+)!+<1(*./!2)!P/*15/).(!3/.()91+,!4(!-(Q/*+!()!(,!9+-3/!4(!,+!91*2CA+!
4(! ,+! 9+.+*+.+! @()! .8*-1)/0! 4(!-(Q/*! (0.+<1,14+4! 4(! ,+! 9=-+*+! +).(*1/*! ;!-()/*!
+0.1C-+.10-/!3/0.h/3(*+./*1/!1)42914/D>!b1)!(-<+*C/$!()!(0.+0!.89)19+0!4(!91*2CA+!
-19*/1)9101/)+,! @_WMbD$! (,! P(9P/! 4(! (H.*+(*! ,+! 9+.+*+.+! +! .*+:80! 4(! %! 1)9101/)(0!
-()/*(0! 4(! %! --! P+! 9/),,(:+4/! +,C2)/0! 9+-<1/0! ()! (,! 410(V/! 4(! ,+!
1)0.*2-().+916)!*(B2(*14+!3+*+!-+).()(*!2)+!<2()+!*(,+916)!()!(,!1).(*9+-<1/!4(!
7,214/0!42*+).(!,+!91*2CA+>!!
F)! (0.(! 0().14/$! iP)C! MP! ;! 9/,0>! "#%&! 9/-3+*+*/)! ,/0! 9+-<1/0! 4(! GWX! ()!
.1(-3/! *(+,! 1)42914/0! 42*+).(! 4/0!-/4+,14+4(0! 4(! 7+9/(-2,01719+916)R! 9/+H1+,! /!
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4(!,+!*(.1)+D!()!+-</0!3*/9(41-1()./0$!B2(!,/0!-+;/*(0!9+-<1/0!/92**A+)!42*+).(!
,+! P14*/410(9916)$! ,+! 1);(9916)! 4(,! :109/(,=0.19/! ;! ,+! 1)0(*916)! 4(! ,+! ,().(!
1).*+/92,+*! ;! B2(! (0./0! 72(*/)! 01-1,+*(0! ()! +-<+0! .89)19+0! 9/)! 3(B2(V+0!
417(*()91+0!+!7+:/*!4(!,+!.89)19+!<1-+)2+,!-19*/1)9101/)+,>!
F)!2)!(0.241/!01-1,+*!32<,19+4/!*(91().(-().(!3/*!i*(2.5(*!;!9/,0>!"#\&!0(!
(:+,E+)! ,/0! 9+-<1/0! 4(! 3*(016)! 1).*+/92,+*! 4().*/! 4(! ,+! 9+:14+4! :A.*(+! 42*+).(!
417(*().(0! (.+3+0! 4(! ,+! 91*2CA+! 4(! ,+! 9+.+*+.+! 3*+9.19+4+! +! 3+91().(0! *(+,(0! +,!
(-3,(+*!4/0!.89)19+0!417(*().(0!4(!7+9/(-2,01719+916)R!,+!.89)19+!9/):()91/)+,!;!,+!











































(0! 2)+! 9+*+9.(*A0.19+! 3+*.192,+*! 4(! ,+! 91*2CA+! ?gbWi$! +0A! 9/-/! 4(! 020! :+*1+).(0!
1).*+?gbWi!;!(31h?gbWi>!!F0.+!-+)1/<*+!B21*E*C19+!P+!014/!+0/91+4+!3/*!)2-(*/0/0!
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!"Q"<"#$ SB65<?=;8H6B787$ 8:78?B$ <787?8A<$ I=5$ HT765$ <7=@8<A<$ <$ HT765$ A6$
G6;?=76JB:A=$U%:?5<10/%RV$
?+! +3,19+916)! 4(! ,+! .(9)/,/CA+! ,=0(*! 4(! 7(-./0(C2)4/! ()! (,! 9/).(H./!4(! ,+!
91*2CA+!*(7*+9.1:+!7+91,1.+!,+!9*(+916)!4(,!9/,C+Q/!9/*)(+,!4(!7/*-+!)/h-(9=)19+!"#eh
#Z&>!
!F0.+! .(9)/,/CA+! 2.1,15+! 2)! ,=0(*! 1)7*+**/Q/! @#]^\! )-D! 3+*+! C()(*+*!
3(B2(V/0!1-3+9./0!4(!\!-19*+0>!F0./0!1-32,0/0!4(!()(*CA+!32(4()!0(*!7/9+,15+4/0!
;! +,1)(+4/0! +! 2)+! 3*/72)414+4! 3*(0(,(991/)+4+! 3+*+! 3*/4291*! ,+! 7/./410**23916)!







N)/! 4(! ,/0! 4103/01.1:/0! -=0! 2.1,15+4/0! (0! (,! 010.(-+! 4(! ,=0(*! IW).*+?+0(J!
@W).*+?+0($! M/*3>$! W*:1)($! MgD>! ! F0.(! 010.(-+$! 4(! 7/*-+! 01-1,+*! +! ,+! .89)19+! ?gbWi!
9/):()91/)+,!.+-<18)!*(B21(*(!4(!,+!71Q+916)!4(,!/Q/!-(41+).(!2)!+)1,,/!4(!029916)$!
@()! (0.(! 9+0/! 4(! <+Q+! 3*(016)! @\^! --OCDD$! ! 3+*+! (0.+<1,15+*! ;! +,1)(+*! (,! C,/</!
/92,+*>!!b(C214+-().($!2)+!,().(!2)14+!+,!010.(-+!4(,!,=0(*!+3,+)+!,+!96*)(+!4().*/!
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S(! ,+!-10-+!-+)(*+! B2(! 42*+).(! ,+! .89)19+! ?gbWi! $! 2)! +)1,,/! 4(! 029916)!
4(<(! 0(*! +3,19+4/! 3+*+! -+).()(*! (,! /Q/! (0.+<,(! ;! 3/4(*! *(+,15+*! (,! .+,,+4/! 4(,!
9/,C+Q/! (31.(,1+,>! g0A! -10-/$! ,+! 3*(016)! 1).*+/92,+*! 42*+).(! (0.(! 3*/9(41-1()./!
4(<(!023(*+*!,/0!a^!--OC>!!








M/-/! P+! 014/! 4(09*1./! +).(*1/*-().($! (,! 3*/9(41-1()./! 9/)010.(! ()! ,+!
+3,19+916)!4(!2)!+)1,,/!4(!029916)!0/<*(!(,!/Q/!9/)!,+!71)+,14+4!4(!-+).()(*,/!71Q/!;!
(0.+<,(! 42*+).(! ,+! 7+0(! 4(! 9*(+916)! 4(,! 9/,C+Q/! 9/*)(+,>! F0.(! +)1,,/! 0(! -+).1()(!
2)14/!+,!/Q/!C*+91+0!+!,+!3*(016)!)(C+.1:+!B2(!(Q(*9(!2)!010.(-+!(H.(*)/!4(!:+9A/>!!





3*(016)! (0! :+*1+<,(! 4(3()41()4/! 4(! ,+! .89)19+! (-3,(+4+$! 4(! ,+! 2)14+4! 4(! :+9A/!
2.1,15+4+!;!4(,!91*2Q+)/>!!
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G/*!/.*/!,+4/$!!,+!1)4().+916)!4(,!+)1,,/!4(!029916)!0/<*(!,+!5/)+!3(*1,A-<19+$!
0(!P+!3/0.2,+4/!9/-/!,+! 9+20+!4(! 9/-3,19+91/)(0!4(! 0(C-()./!3/0.(*1/*!()!/Q/0!
1).(*:()14/0!4(!91*2CA+!?gbWi!>!!
!F,!3*1-(*!(0.241/!B2(!()9/).*+-/0!4(,!20/!4(!,+!-+)/-(.*A+!1):+01:+!;!02!
*(,+916)!9/)! ,/0!)1:(,(0!4(!3*(016)! 1).*+/92,+*!+,9+)5+4/0!42*+).(! ,+0!-+)1/<*+0!
4(!029916)!;!9*(+916)!4(,!9/,C+Q/!()!(,!9/).(H./!4(!,+!91*2CA+!*(7*+9.1:+!,=0(*$!!(0!2)!
(0.241/!(H3(*1-().+,!*(+,15+4/!()!/Q/0!4(!9(*4/!;!32<,19+4/!3/*!b+9P0!O'!;!9/,0>!
()! #ZZe! "%\&>! F)! (0.(! .*+<+Q/! (0.241+*/)! ,/0! 9+-<1/0! 4(! 3*(016)! 1).*+/92,+*! ()!
.1(-3/!*(+,!B2(!+9/).(9A+)!+,!(-3,(+*!4/0!-19*/B2(*+./-/0!-(9=)19/0!417(*().(0>!
b20! *(02,.+4/0! 4(-/0.*+*/)! 2)! 1)9*(-()./! 9/)014(*+<,(! 4(! 3*(016)! 1).*+/92,+*!
42*+).(! ./4/! (,! 3*/9(41-1()./! +0A! 9/-/! 417(*()91+0! 1-3/*.+).(0! ().*(! +-</0!
(B213/0! Q20.1719+4+0$! 0(CE)! 020! +2./*(0! 3/*! ,+0! 417(*()91+0! ()! (,! 410(V/! 4(! ,/0!
-19*/B2(*+./-/0>!
X.*/! (0.241/! ()! (,! B2(! .+-<18)! 0(! 2.1,156! -+)/-(.*A+! 1):+01:+! 72(! (,!
32<,19+4/!3/*!i+0(.02l+)!f$! ;! 9/,0>! "%`&>!F)!8,$!-141(*/)! ,/0! 9+-<1/0!4(!GWX!()!
.1(-3/! *(+,! 42*+).(! (,! 3*/9(41-1()./! ?gbWi! ! 9/):()91/)+,! 9/)! ,+! /<Q(.1:/! 4(!
()9/).*+*!2)+!*(,+916)!().*(!(,!(03(0/*!4(,!9/,C+Q/!/<.()14/!42*+).(!(,!9/*.(!;!,/0!
)1:(,(0!4(!3*(016)!4(!029916)!B2(!2.1,15+<+)!3+*+!71Q+*!(,!/Q/>!!
U100()h_1;+Q1-+! ;! 9/,0>! "%^&! .+-<18)! (-3,(+*/)! ,+! -+)/-(.*A+! 1):+01:+!
3+*+! (0.241+*! ,/0! 9+-<1/0! 3*(016)! 1).*+/92,+*! ()! .1(-3/! *(+,! 42*+).(! ,+! 91*2CA+!
?gbWi>! F)! (0.+! /9+016)$! (,! 1).(*80! 0(! 9().*6! ()! ()9/).*+*! 417(*()91+0! ().*(! ,+0!
2)14+4(0! 4(! :+9A/! (-3,(+4+0! ()! ,+! </-<+! 4(! 029916)! ;! ,/0! )1:(,(0! 4(! GWX!
+,9+)5+4/0!42*+).(!,+0!-+)1/<*+0!B21*E*C19+0>!!
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F)! /.*/! (0.241/! 32<,19+4/!-=0! *(91().(-().(! 3/*! U*+4,(;! m?! ;! 9/,0>! "%a&!
.+-<18)!0(!+)+,15+!(,!92*0/!4(!,+!3*(016)!1).*+/92,+*!()!.1(-3/!*(+,!2.1,15+)4/!.*(0!
-19*/B2(*+./-/0!417(*().(0>!!






010.(-+! 4(! -(414+! ;! 02! 9/)(H16)! 41*(9.+! 9/)! (,! 0()0/*! (H.(*)/! 4(! 3*(016)! /!
.*+)0429./*! P+9(! 3/01<,(! ,+! 9/):(*016)! 4(! (0+! 0(V+,! +! :+,/*(0! 4(! 3*(016)!
(H3*(0+4/0!()!--OC$!,+0!2)14+4(0!P+<1.2+,(0!4(!-(414+>!!
F,!-8./4/!4(!,+!-+)/-(.*A+!1):+01:+!3*(0().+!C*+)4(0!:().+Q+0!()!*(,+916)!





()! -+)/-(.*A+! 1):+01:+! 0/)! :+*1/0R! 3/*! 2)! ,+4/! 020! :+,/*(0! )/! (0.=)!
9/)4191/)+4/0!3/*!,/0!3+*=-(.*/0!4(!*1C14(5!9/*)(+,!/!(09,(*+,!/!3/*!,+!9+,14+4!4(!
,+!023(*7191(!9/*)(+,!3+*+!/<.()(*!,/0!*(C10.*/0L!+4(-=0$!02!*(C10.*/!.+-3/9/!0(!:(!
9/)4191/)+4/!3/*! ,+!417192,.+4!4(!*(+,15+*! ,+!-(414+!()!4(.(*-1)+4+0! 01.2+91/)(0!
()!(,!=-<1./!B21*E*C19/>!!
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*(C10.*+*! (0./0! :+,/*(0>! N)/0! (H3(*1-()./0! 0(! *(+,15+)! ()! (03(91(0! +)1-+,(0! 9/)!
01-1,1.24(0!+)+.6-19+0!9/)!(,!/Q/!P2-+)/!9/-/!0/)!(,!9/)(Q/!/!(,!9(*4/>!X.*/0$!01)!
(-<+*C/!0(!P+)!,,(:+4/!+!9+</!41*(9.+-().(!()!3+91().(0!*(+,(0>!!
M/)!*(03(9./!+,!(-3,(/!4(! ,+!-+)/-(.*A+! 1):+01:+$! ()!2)/0!.*+<+Q/0! 0(!P+!
9+)2,+4/!41*(9.+-().(!,+!9=-+*+!+).(*1/*$!!-1().*+0!B2(!()!/.*/0!(,!,2C+*!(,(C14/!
3+*+! ,+!9+)2,+916)!P+! 014/! ,+!9+:14+4!:A.*(+>!F0.+!:+*1+<1,14+4!()!(,!410(V/!4(! ,/0!
(0.241/0!P+9(!417A91,!,+!9/-3+*+916)!().*(!(,,/0>!!
?+! -+;/*A+! 4(! ,/0! .*+<+Q/0! 410(V+4/0! 3+*+! -(41*! ,/0! 9+-<1/0!
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!"Y"#$ 45=CH6;<7$ =@BH<567$ <7=@8<A=7$ <$ @<;C8=7$ A6$ 4%)$ AB5<:?6$ H<$ @85BJK<$
56G5<@?8M<$10/%R"$
F,! 3*/9(41-1()./! B21*E*C19/! ?gbWi! (0.=! <+0+4/! ()! 9/)9(3./0! 4(09*1./0!
1)191+,-().(! 3/*! U+**+B2(*! "%Z&>! S2*+).(! (,! 3*/9(41-1()./! 0(! 410(9+! 2)! 9/,C+Q/!
9/*)(+,! ,+-(,+*! 9/)! (,! 71)! 4(! +3,19+*! 3/0.(*1/*-().(! 2)+! +<,+916)! 1).*+(0.*/-+,!
9/)! (,! ,=0(*! (H91-(*>! G+*+! /<.()(*! 2)! 9/,C+Q/! 4(! (03(0/*! 63.1-/$! ,+! 96*)(+! 0(!
(0.+<1,15+! -(41+).(! 2)! +)1,,/! 4(! 029916)! B2(! 0(! 9/,/9+! 0/<*(! (,! /Q/! 3*6H1-/! +,!




,+! 7/*-+! 4(,! 0(C-()./! +).(*1/*! 9+-<1+! *=314+-().(>! ?+0! (0.*29.2*+0! /92,+*(0!






2)! 010.(-+! 9(**+4/$! 0(! 32(4(! +9/*.+*! ()! 02! 3,+)/! (92+./*1+,>! M/-/! (,! 0(C-()./!
+).(*1/*!(0.=!1-<214/!4().*/!4(,!010.(-+!4(!:+9A/$!(,!9*10.+,1)/!0(!32(4(!4(03,+5+*!
P+91+! +4(,+).(! Q2)./! 9/)! ,+! P1+,/14(0! +).(*1/*>! F0.(! P(9P/! 32(4(! +9(,(*+*! (,!
4(03*()41-1()./!4(,!:A.*(/!/!9+20+*!.*+9916)!()!,+!<+0(!4(,!-10-/>!!
M2+)4/!,+!029916)!0(!*(.1*+$!,+!4(09/-3*(016)!/*1C1)+4+!32(4(!3*/4291*!2)!
(7(9./! 41)=-19/! 9/)! (H3+)016)! (92+./*1+,! ;! 2)! +9/*.+-1()./! ()! 02! 41-()016)!
+).(*/3/0.(*1/*!9+20+)4/!2)+!+C24+!.*+9916)!:1.*(/*(.1)1+)+!()!,+!<+0(!4(,!:A.*(/!
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;! (,! 3/,/! 3/0.(*1/*>! ?+! .*+9916)! :A.*(+$! 1)42914+! ()! 41*(9916)! +).(*/h3/0.(*1/*$!
32(4(! (H3,19+*! ,/0! 9+0/0! *(3/*.+4/0! 4(! +C2Q(*/0! ;! P(-/**+C1+0! -+92,+*(0>! F0!
3/01<,(! .+-<18)!B2(!P+;+!2)+!4(7/*-+916)!;! .*+9916)!9(*9+!4(! ,+!<+0(!4(!:A.*(/$!
Q20./! 3/0.(*1/*! +,! +)1,,/! 4(! 029916)! 9/)! ,+! 9/)0(92().(! +3+*1916)! 4(! */.2*+0!
*(.1)1+)+0>!?+!-+*9+!B2(! 0(!/<0(*:+!()!(,!/Q/! 4(<14/!+! ,+! 1-3*/).+!4(,! +)1,,/!4(!
029916)!0(!01.E+!+3*/H1-+4+-().(!+!2)/0!`!--!4(,!,1-</!(09,(*/9/*)(+,>!!
?+! (,(:+916)! .*+)01./*1+! 4(! GWX! ;! (,! (7(9./! 4(! ,+! 4(7/*-+916)! 4(,! C,/</!
3/4*A+! .+-<18)! Q20.1719+*! ,+! 3+./,/CA+!-+92,+*! B2(! 32(4(! (0.+*! 3*(0().(! ()! /Q/0!
-1/3(0$!9/-/!3/*!(Q(-3,/!,/0!4(7(9./0!4(!,+!-(-<*+)+!4(!U*29P>!$




,+! *(.1)+>! K+-<18)! 0(! P+! +0/91+4/! +! ,+! +3+*1916)! 4(! P(-/**+C1+0! ;! +C2Q(*/0!
-+92,+*(0$! +! ,+! +3+*1916)! 4(! 4(03*()41-1()./! 0(*/0/! -+92,+*$! +0A! 9/-/! +!
/9,201/)(0!:()/0+0!;!+*.(*1+,(0>!!
?+! +3+*1916)! 4(! -(-<*+)+0! )(/:+092,+*(0! 9/*/14(+! 3/0.(*1/*-().(! +! ,+!
+3,19+916)! 4(,! 3*/9(41-1()./! ?gbWi! .+-<18)! P+! 014/! 32<,19+4+! ()! ,+! ,1.(*+.2*+!
91().A719+>! S(,! -10-/! -/4/$! ,+! 3*(0()91+! 4(! 7,(<1.10! *(.1)1+)+! (! 1)9,20/! ,+!
*(+9.1:+916)! 4(! 1)7(991/)(0! +).1C2+0! 3/*! ./H/3,+0-/010! /92,+*! P+)! 02091.+4/! (,!
1).(*80! 4(! 9,A)19/0! (! 1):(0.1C+4/*(0! ()! (,! 0().14/! 4(! .*+.+*! 4(! ()9/).*+*! 2)+!
*(,+916)! 9+20+h(7(9./! ().*(! (0.(! .13/! 4(! ()7(*-(4+4(0! ;! (,! 3*/9(41-1()./!
B21*E*C19/>!
Introducción y estado actual del tema 
 
 62 




*(,+916)! 9+20+h(7(9./! ().*(! ,+! +3+*1916)! 4(! 4(03*()41-1()./! 4(! *(.1)+! ;! 91*2CA+!
?gbWi! 32(0! ,+! 1)914()91+! ()9/).*+4+! 4(! (0.+! 3+./,/CA+! ()! ,/0! C*23/0! (0.241+4/0!
(0.=!-2;!3/*!4(<+Q/!4(! ,+!B2(!)/*-+,-().(!(H10.(!()!3/<,+916)!-1/3(! ,+!92+,!0(!
01.E+!()!./*)/!+!2)!%>%n!"\%&>!
!f/! /<0.+).($! (,! (7(9./! .*+2-=.19/! 0/<*(! ,+! (0.*29.2*+0! /92,+*(0! 1)42914/!
3/*!(,! +)1,,/!4(! 029916)!;!(,! 9+-<1/! *(3().1)/!4(!3*(016)! 1).*+/92,+*!+0/91+4/!+,!
-10-/!P+!014/!9/)014(*+4/!3/*!,+!-+;/*A+!4(!,/!+2./*(0!9/-/!2)!7+9./*!+!.()(*!()!
92().+! 9/-/!(,(-()./!3*(92*0/*!4(! ,/0!4(03*()41-1()./0!4(! *(.1)+!()9/).*+4/0!
()!,+0!0(*1(0!(0.241+4+0>!!
N)/!4(! ,/0!3*1-(*/0!.*+<+Q/0!B2(!.*+.+!4(! ,+!+0/91+916)!4(!9/-3,19+91/)(0!
4(! 0(C-()./! 3/0.(*1/*! ;! 91*2CA+! *(7*+9.1:+! ?gbWi! (0! (,! 32<,19+4/! 3/*!X54+-+*! ;!
9/,0>! "\\&>! F)! (0.(! .*+<+Q/$! ,/0! +2./*(0! *(3/*.+*/)! 2)! 9+0/! +10,+4/! 4(!
4(03*()41-1()./!4(!*(.1)+!<1,+.(*+,!0(92)4+*1/!+!2)!4(0C+**/!*(.1)1+)/!C1C+).(>!!
N)!+V/!-=0!.+*4($!b.2,.1)C!oS!;!9/,0>!"\`&!32<,19+*/)!2)!+*.A92,/!()!(,!B2(!
4(09*1<1(*/)! ,+! 1)914()91+! 4(! 9/-3,19+91/)(0! ()9/).*+4+0! ()! 2)! (0.241/!
3*/03(9.1:/! *(+,15+4/! 3/*! #`! 91*2Q+)/0! ()! 2)+! 0(*1(! 4(! #>]a%! /Q/0! 0/-(.14/0! +!
91*2CA+! *(7*+9.1:+! ?gbWi>! F0./0! +2./*(0! ()9/).*+*/)! 2)+! 1)914()91+! 4(!
9/-3,19+91/)(0! 1).*+/3(*+./*1+0! 4(! 2)! %>#n! ;! 4(! 2)! \>#n! ()! 9/-3,19+91/)(0!




F)! #ZZZ$! o215h_/*()/! ;! 9/,0>! "\^&! 32<,19+*/)! ,+! 3*1-(*+! 0(*1(! ()! ,+! B2(!
/7*(9A+)! 4+./0! 0/<*(! ,+! 1)914()91+! ;! 9+*+9.(*A0.19+0! 4(! ,/0! 4(03*()41-1()./0! 4(!
*(.1)+!/92**14/0!()!3+91().(0!0/-(.14/0!+!91*2CA+!*(7*+9.1:+!?gbWi>!F)!(0.(!.*+<+Q/!
(0.241+*/)! ,/0!So! ()9/).*+4/0! 42*+).(! 2)! 3(*1/4/! 4(! 0(C21-1()./! 4(! ! \]>\`pqh
#]>%e!-(0(0!()!2)+!0(*1(!4(!#>^^`!/Q/0!@[e[!3+91().(0D!9/)!2)+!-(41+!4(!(4+4!4(!
\\>]Zpqh[>a!+V/0!@*+)C/$!%]ha]D>!M+<(!4(0.+9+*!B2(!(,!3*/./9/,/!4(09*1./!3/*!(0./0!
+2./*(0! +0(C2*+<+! (,! .*+.+-1()./! 3*(:1/! +! ,+! 91*2CA+! ?gbWi! 4(! ,+0! ,(01/)(0!
3*(4103/)().(0>!F)!4(71)1.1:+!()9/).*+*/)!2)+!<+Q+!1)914()91+!4(!4(03*()41-1()./!
4(!*(.1)+$!(,!92+,!/92**16!()!`!/Q/0!@]>%^nD!4(!#>^^`!/Q/0!;!()!`!3+91().(0!@]>`^nD!
4(! [e[! 3+91().(0>! K/4/0! ,/0! 3+91().(0! 72(*/)! -2Q(*(0! ;! (,! 1).(*:+,/! 4(! .1(-3/!
-(41/!().*(!,+!91*2CA+!*(7*+9.1:+!;!,+!+3+*1916)!4(,!So!72(!4(!##>%^pqh[>^\!-(0(0!
@*+)C/$! %h#Z! -(0(0D>! F)! ./4/0! ,/0! 9+0/0! (,! 4(03*()41-1()./! 4(! *(.1)+! 72(!
(03/).=)(/!;! 72(!.*+.+4/!(H1./0+-().(!()!,+!3*1-(*+!91*2CA+!4(!4(03*()41-1()./!
4(! *(.1)+>! ?/0! +2./*(0! ()9/).*+*/)! B2(! ,+0! 417(*()91+0! ().*(! ,+! +C24(5+! :102+,!
-(Q/*!9/**(C14+!3*(!;!3/0.91*2CA+!4(,!So!)/!72(!(0.+4A0.19+-().(!01C)1719+.1:+!@G!r!
]>%#D>!!
!! X.*/! (0.241/! *(.*/03(9.1:/! B2(! 1).().+! 4(.(*-1)+*! ,+! 1)914()91+! 4(!
9/)4191/)(0!3+./,6C19+0!:1.*(/**(.1)(+)+0!(0!(,!.*+<+Q/!32<,19+4/!3/*!g*(:+,/!mj!;!
9/,0>! "\a&>! F)! (0.+! 0(*1(! 4(! 9+0/0! 4(! 9+*=9.(*! *(.*/03(9.1:/! 0(! +)+,15+*/)! %Z>Z#a!
/Q/0! /3(*+4/0! 9/)! ?gbWi! 3/*! 2)! ./.+,! 4(! ^! 91*2Q+)/0! 417(*().(0>! N)! [\>%n! (*+)!
-1/3(0!9/)!2)+!-(41+!4(!ha>#Z!S!(07!!@*+)C/R!h]>e^$!h%Z>]]D!;!(,!#a>[n!*(0.+).(!9/)!
2)!*+)C/!4(!+-(.*/3A+!9/-3*()414/!().*(!p#>]]!+!pa>]]!S!@-(41+R!p\>%\!SD>!F0./0!




*(+,15+4/! ,+! 91*2CA+$! 4(! .+)! 06,/! ]>]an! ! 410.*1<214+0! 4(! ,+! 01C21().(! -+)(*+R! 0(!
14().1719+*/)! %]! /Q/0! 9/)! +,.(*+91/)(0! :1.*(/**(.1)1+)+0! @#e! 3+91().(0D$! #`! /Q/0!
P+<A+)! 027*14/! 4(03*()41-1()./! 4(! *(.1)+! *(C-+.6C()/0$! %! /Q/0! 027*1(*/)!
3(*7/*+916)! 9/*)(/(09,(*+,! 1)42914+! 3/*! (,! -19*/B2(*+./-/! (-3,(+4/! ()! (,!
3*/9(41-1()./$!()!`!/Q/0!0(!()9/).*+*/)!4(0C+**/0!*(.1)1+)/0!01)!4(03*()41-1()./!
4(!*(.1)+!;!()!#!/Q/!0(!()9/).*6!2)+!-(-<*+)+!)(/:+092,+*!9/*/14(+!;2H.+7/:(+,>!!




F0(! -10-/! +V/! "\e&! 32<,19+*/)! 2)+! 0(*1(! 4(! `! /Q/0! B2(! P+<A+! 027*14/!
4(03*()41-1()./! 4(! *(.1)+! ()! 2)! 3(*1/4/! 4(! .*(0! -(0(0! 3/0.(*1/*! +! ,+! 91*2CA+!
?gbWi>! ?/0! +2./*(0! 4(09*1<()! ()! (0.(! .*+<+Q/! 2)! .*+.+-1()./! (H1./0/! -(41+).(!
*(.1)/3(H1+! ;! 9*1/.(*+31+! 9/)9,2;()4/! 2)+! 3/01<,(! +0/91+916)! ().*(! ?gbWi! ;!
4(03*()41-1()./!4(!*(.1)+!(03(91+,-().(!()!/Q/0!9/)!+,.+!-1/3A+>!!




3/0./3(*+./*1+! 4(! 7()6-()/0! ().63.19/0$! .+,(0! 9/-/! -1/4(0/301+0! ;! 7/./301+0$!
4(09*1<1(*/)! ,/0! 9+-<1/0! :1.*(/**(.1)(+)/0! /<0(*:+4/0! .*+0! ,+! 91*2CA+! -(41+).(!
(H+-()! 4(! 7/)4/! 4(! /Q/! 9/)! /7.+,-/09/3A+! 1)41*(9.+! 9/)! 1)4().+916)$! ,().(! 4(!
pZ]S$!!,().(!4(!9/).+9./!4(!\!(03(Q/0!4(!'/,4-+)!;!2,.*+0/)/C*+7A+!91)8.19+!@NbMD>!!!




*(+,15+*/)! 2)! (H3(*1-()./! 9/)010.().(! ()! 0/-(.(*! +! 2)+! 3*(016)! 4(! 029916)! @)/!
4(.(*-1)+4+!3/*!,/!+2./*(0D!4(!\]!0(C2)4/0!4(!42*+916)!+!2)+!0(*1(!4(!#%!/Q/0!4(!
9(*4/! 9/)! (,! 71)! 4(! :+,/*+*$! -(41+).(! 2,.*+0/)/C*+7A+! 91)8.19+$! +)C1/C*+7A+!
7,2/*(09(A)19+! @g'jD! ;! (,(9.*/*(.1)/C*+7A+! @Fo'D$! ,/0! 3/01<,(0! 9+-<1/0! 1)42914/0!
3/*!(,!1)9*(-()./!4(!3*(016)!1).*+/92,+*>!!
b20! *(02,.+4/0! *(:(,+*/)! 2)+! -+;/*! 1)914()91+! 4(! +,.(*+91/)(0!
:1.*(/*(.1)1+)+0! ()! (,! C*23/! .*+.+4/! 4(! +,.+! -1/3A+! 9/-3+*+4/! 9/)! (,! 4(! <+Q+!
-1/3A+! .+)./! ()! ,+! 3(*9(3916)! 4(!-1/4(0/301+0! @[n! :0! \%nD$! 7/./301+0! @]n! :0>!
#%nD$! 4(03*()41-1()./! 4(! :A.*(/! 3/0.(*1/*! 3+*91+,! /! ./.+,! @SuGD! :10./!-(41+).(!
<1/-19*/09/3A+! @%n!:0>!#]nD!;!SuG!:10./!-(41+).(!2,.*+0/)/C*+7A+! 91)8.19+! @`n!
:0>!%`nD>!!
g0A!-10-/$! ()! (,! 02<(0.241/! *(+,15+4/! ()! ,/0!/Q/0! 4(! 9(*4/! 4(.(9.+*/)!2)!
SuG!3+*91+,!/!./.+,!()!2)!%]n!4(!,/0!/Q/0!1)-(41+.+-().(!4(03280!4(!,+!+3,19+916)!
4(,!+)1,,/!4(!029916)>!g4(-=0$!./4/0!,/0!/Q/0!4(!9(*4/!-/0.*+*/)!2)+!410-1)2916)!
01C)1719+.1:+! 4(! ,+0! +-3,1.24(0! 4(! Fo'! 42*+).(! (! 1)-(41+.+-().(! 4(03280! 4(! ,+!
+3,19+916)! 4(,! +)1,,/>! b1)! (-<+*C/$! )/! 0(! /<0(*:+*/)! 9+-<1/0! ()! ,+! 91*92,+916)!
*(.1)1+)+!-(41+).(!g'j>!!
?/0! +2./*(0! 9/)9,2;(*/)! B2(! (H10.A+! 2)! 1)9*(-()./! ()! ,+! 1)914()91+! 4(!
+,.(*+91/)(0!:1.*(/**(.1)1+)+0! .*+0! ,+! 91*2CA+!?gbWi!(03(91+,-().(!()!(,! C*23/!4(!
+,.+! -1/3A+! 02C1*1()4/$! 3/*! ,/0! *(02,.+4/0! /<.()14/0! ()! (,! 02<C*23/! 4(! /Q/0! 4(!
9(*4/$! ,+! (H10.()91+! 4(! +)/-+,A+0! .*+)01./*1+0! 9/*/14(+0! 9/)0(92()91+! 4(! ,+!
+3,19+916)!4(,!+)1,,/!4(!029916)>!!
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X.*/!.*+<+Q/$! .+-<18)!()! ,+! ,A)(+!4(,!+).(*1/*!()!*(,+916)!9/)! ,+! 1)914()91+!
4(!9/)4191/)(0!:1.*(/**(.1)1+)+0!4(03280!4(!?gbWi$!!72(!(,!32<,19+4/!3/*!?1!m!;!9/,0>!
"\Z&!()!(,!B2(!0(!(0.2416!2)!./.+,!4(!#>Z[#!/Q/0!@ZZ^!3+91().(0D>!M/)!(,!71)!4(!(:1.+*!




2)! ]>[#n! 4(! 3+91().(0! @#a! /Q/0! 4(! #\! 3+91().(0D! B2(! 4(0+**/,,+*/)!
:1.*(/**(.1)/3+.A+$! 1)9,2;()4/! ,/0!a!/Q/0!9/)!4(C()(*+916)! ,+..19(!3*(:1+!@]>\]nD$!!
2)!]>#]n!9/)!SuG!@%!/Q/0D$!2)!]>#]n!9/)!P(-/**+C1+!-+92,+*!@%!/Q/0D$!2)!]>%]n!
9/)! 4(03*()41-1()./! 4(! *(.1)+! @SoD! *(C-+.6C()/! ;! 2)! ]>#]n! 9/)! 4(0C+**/0!
*(.1)1+)/0!01)!So>!F)!(0.(!9+0/$!+!.()/*!4(!,+!(09+0+!1)914()91+!()9/).*+4+!()!020!
/<0(*:+91/)(0! )/! 3241(*/)! Q20.1719+*! 2)+! *(,+916)! 41*(9.+! 9+20+h(7(9./! ().*(! (,!
?gbWi! ;! ,+! +3+*1916)! 4(! 3+./,/CA+! /92,+*>! f/! /<0.+).($! 0A! ()9/).*+*/)! 2)+!
417(*()91+! 01C)1719+.1:+! @3s]>]#D! ()! ,+! 1)914()91+! 4(! 9/-3,19+91/)(0!
:1.*(/**(.1)1+)+0!+,!+C*23+*!3/*!C*+4/!4(!-1/3A+$!+0A!9/-/!().*(!+B2(,,/0!/Q/0!9/)!
4(C()(*+916)!,+..19(!;!+C2Q(*/0!+.*6719/0!3*(h?gbWi!;!,/0!/Q/0!01)!.+,(0!,(01/)(0>!!
F0(! -10-/! +V/$! ?/(l()0.(1)! ;! 9/,0>! "`]&! 32<,19+*/)! 2)+! )2(:+! *(:1016)!
0/<*(!,+!1)914()91+!4(!9+0/0!4(!3+./,/CA+!*(.1)1+)+!B2(!/92**A+)!3/0.(*1/*-().(!+!
,+!*(+,15+916)!4(!91*2CA+!?gbWi!3+*+!,+!9/**(9916)!4(!,+!-1/3A+!/!,+!1-3,+).+916)!4(!
,().(0! 1).*+/92,+*(0>! K+-<18)! 1).().+*/)! ()9/).*+*! +,C2)+! *(,+916)! 9+20+,! ().*(!
.+,(0! 3*/<,(-+0>! ?/0! 3/01<,(0! -/.1:/0! B2(! (0./0! +2./*(0! 3/0.2,+<+)! (0.+<+)!
+B2(,,+0! +0/91+4+0! +,! 1)9*(-()./! 4(! 3*(016)! 1).*+/92,+*$! +0A! 9/-/! +! ,+!
4(09/-3*(016)!B2(!+9/).(9(!42*+).(!,+!91*2CA+!?gbWi>!X.*+0!9+20+0$!9/-/!(,!(7(9./!
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)/91:/! 4(! ,+0! /)4+0! 4(! 9P/B2(! C()(*+4+0! 42*+).(! ,+! +<,+916)! ,=0(*! /! (,! 20/! 4(!
7=*-+9/0! -16.19/0! (-3,(+4/0! 3/*! +,C2)/0! 91*2Q+)/0! 42*+).(! (,! 3*/9(41-1()./$!























;6767$ ,<5<@?65K7?8@<7$ '5<?<;86:?=$ 0\2,I=7?$
!
X54+-+*$!ZZ! h#[$e^! %! S(0C+**/!C1C+).(! u1.*(9./-A+! )>*>!
X54+-+*$!ZZ! h#a$^]! %! S(0C+**/!C1C+).(! u1.*(9./-A+! )>*>!
b.2,.1)C$!ZZ! h%%$]]! a! )>*>! )>*>! %]q%]]!
oh!_/*()/$ZZ! h[$^]! %! )>*>! M(*9,+Q(!(09,(*+,! %]q\%!
oh_/*()/$!ZZ! h%]$]]! #Z! ?=0(*!3*/7!3*(:1/! M(*9,+Q(!(09,(*+,! %]q^]!
!oh_/*()/$!ZZ! h#]$%^! a! ?=0(*!3*/7!3*(:1/! M(*9,+Q(!(09,(*+,! %]q^]!
oh_/*()/$!ZZ! h#a$]]! #[! )>*>! o(.1)/3(H1+! %]q^]!
g*(:+,/$!]]! h#^$]]! ]! G(*7>!9/*)(+,!;!So! u1.*(!;!<+)4+!(09,(*+,$!bja! __!
g*(:+,/$!]]! h%$^]! #$^! So! o(.1)/3(H1+!)(2-=.19+! %]q%]!
g*(:+,/$!]]! h#^$]]! #a! So!02<9,A)19/! o(.1)/3(H1+!,=0(*! %]q`]!
g*(:+,/$!]]! h%$^]! #%! So!02<9,A)19/! o(.1)/3(H1+!,=0(*! %]q%]!
g*(:+,/$!]]! h%$^]! #]! So! M(*9,+Q(!(09,(*+,! %]q#]]!
g*(:+,/$!]]! ha$e^! #! So! M(*9,+Q(!(09,(*+,$!bja! %]q`]!
g*(:+,/$!]]! hZ$e^! #e! So!02<9,A)19/! M*1/h*(.1)/3(H1+! %]q`]!
g*(:+,/$!]]! h\$^]! \! o/.2*+!*(.1)1+)+! M*1/h*(.1)/3(H1+! %]q%]!
g*(:+,/$!]]! hZ$]]! %^! So! u1.*(9./-A+! %]q%]!
g*(:+,/$!]]! h#^$]]! \a! So! u1.*(9./-A+! %]q`]!
g*(:+,/$!]]! )>*>! %`! So! u1.*(9./-A+! %]q^]!
g*(:+,/$!]]! )>*>! #%! So!;!Guo! )+4+! __!
g*(:+,/$!%]]]! h\$]]! `! So! o(.1)/3(H1+!,=0(*! %]q%]!
g*(:+,/$!%]]]! h#$^]! %! So! M(*9,+Q(!(09,(*+,! %]qa]!
g*(:+,/$!]]! h%a$]]! %e! o/.2*+!*(.1)1+)+! o(.1)/3(H1+!,=0(*! %]qa]!
g*(:+,/$!]#! h^$]]! %`! So! M(*9,+Q(!(09,(*+,! %]q`]]!
g*(:+,/$!]#! h[$]]! #%! So! u1.*(9./-A+! %]q`]!
g*(:+,/$!]#! h`$^]! \a! So! )+4+! )>*>!
g*(:+,/$!]#! h##$]]! #[! So! M(*9,+Q(!(09,(*+,! %]q[]!
g*(:+,/$!]#! h##$]]! #[! So! M(*9,+Q(!(09,(*+,! %]q%]]!
g*(:+,/$!]#! h^$]]! #! So!;!uoG! u1.*(9./-A+! %]q%]]!
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F)!(,! +V/!%]]\$!o215h_/*()/!;! 9/,0>! "`#&!32<,19+*/)!2)+!(H.()0+! 0(*1(!4(!
/Q/0! /3(*+4/0! -(41+).(! 417(*().(0! .89)19+0! 4(! 91*2CA+! *(7*+9.1:+R! B2(*+.(9./-A+!



















)/*-+,! 0(! (0.1-+! ()! ./*)/! +,! %>%n"\%&$! ,/0! +2./*(0! ()92().*+)! 2)+! (H3,19+916)!





X.*/! .*+<+Q/! 32<,19+4/! 3/*! j+CP1P1! ;! 9/,0>! "`\&! *(3/*.+! 2)+! 0(*1(! 4(! `Z!
3+91().(0! 9/)! So! *(C-+.6C()/0! 4(03280! 4(! ?gbWi! ! 4(! 2)+! 3/<,+916)! ./.+,! 4(!
^Z>`%`! /Q/0>! ?/0! +2./*(0! ()92().*+)! 2)+! 1)914()91+! 4(! .+)! 0/,/! ]>]\%n! 9/)!2)+!




4(! ?gbWi! ()! 2)+! 0(*1(! 4(! #[>\`%! /Q/0! 4(! Z>^Z[! 3+91().(0>! K/4/0! ,/0! 3+91().(0!
72(*/)! 0(C214/0! 42*+).(! 2)! 3(*1/4/! 4(! %]!-(0(0>! ?/0! +2./*(0! ()9/).*+*/)! 2)+!
1)914()91+!4(,!]>]\\n!9/)!2)!1).(*:+,/!4(!.1(-3/!-(41/!4(04(!,+!91*2CA+!P+0.+!,+!
+3+*1916)! 4(,! 4(03*()41-1()./! 4(! *(.1)+! 4(! Z>%^! -(0(0! @*+)C/$! %! h! #[! -(0(0D>!
K/4/0! ,/0!So!/92**1(*/)!(03/).=)(+-().(!;! 72(*/)!-+)(Q+4/0!-(41+).(! 91*2CA+!
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!"Y"C"#$2<@BH=I<?K<7$P$<H?65<@8=:67$M<7@BH<567$<7=@8<A<7$<$10/%R"$$
F,! 4(0+**/,,/! 4(! +,.(*+91/)(0! 0/<*(! ,+! 7*=C1,! :+092,+*15+916)! 02<-+92,+*$! /!
0/<*(! (,! (31.(,1/! 31C-().+*1/! 4(! ,+! *(.1)+$! 3*/:/9+)4/! 9/-/! 9/)0(92()91+! 2)!
(4(-+! -+92,+*! B2A0.19/! /! P(-/**+C1+0! 02<-+92,+*(0$! 0(! P+! +0/91+4/! ()! ,+!
,1.(*+.2*+!+,!(7(9./!4(,!,=0(*!"`a&!9/-/!3/01<,(!4(0()9+4()+).(!4(!(0.+0!3+./,/CA+0>!!
?/0! 9+0/0! *(3/*.+4/0! 4(! -+92,/3+.A+! -16319+! +0/91+4/0! 9/)! 3+./,/CA+!



















0B?=5Z$<[=$ ..I56=IU*V$ ;6767$$ ,<5<@?65K7?8@<7$ '5<?<;86:?=$ 0\$I=7?$
!!
i1-$!Za! )>*>! )>*>! O(-/**+CA+!-+92,+*! )1)C2)/! )>*>!
G+,,1k+*10$!Ze! )>*>! #! X9,2016)!4(!*+-+!:()/0+! )>*>! )>*>!
G+,,1k+*10$!Ze! )>*>! \! ?+9k(*!9*+9k! )>*>! )>*>!
?2)+$!ZZ! h#a$%^! #e!4A+0! O(-/**+CA+!02<**(.1)1+)+! )1)C2)/! %]qa]!




g*(:+,/$!]]! h\$^]! %`! _fuM!Q2H.+7/:(+,!
u1.*(9./-A+! ;! (H.*+9916)! 4(!
_fuM! MS!
F,,1(0$!]]! h#%$]]! #!4A+! _fuM!3*((H10.().(! )1)C2)/! )>*>!




MP()$!]#! h#`$%^! %!0(-+)+0! _fuM! )1)C2)/! %]qa]!
MP()$!]#! h#`$]]! %!0(-+)+0! _fuM! )1)C2)/! %]q^]!
oh_/*()/$!]#! h#a$]]! %a! _fuM! ?=0(*!+*C/)! %]q^]!
oh_/*()/$!]#! h%]$]]! `! _fuM! u1.*!;!(H.*+9!4(!_fuM! %]q[]]!
oh_/*()/$!]#! h%\$]]! [! _fuM! ?=0(*!+*C/)! %]qa]!
oh_/*()/$!]#! h#\$]]! #`! _fuM! u1.*!;!(H.*+!4(!_fuM! %]q%]]!
b923/,+$!]\! h[$%^! a! _fuM! K(*+31+!7/./41)=-19+! %]q%]]!
G1)./$!]`! O13(*-! \! _fuM! K(*+31+!7/./41)=-19+! )>*>!
G1)./$!]`! _1/3A+! \!0(-! _fuM! f1)C2)/! )>*>!
b+((4$!]`! _1/3A+! )>*>! _fuM! )>*>! )>*>!
bP/<+$!]`! O13(*-! )>*>! _fuM! )>*>! )>*>!

















+,! 4(09/)/91-1()./! 4(! 01! ,+! 3*/C*(016)! 72(! 9/)0(92()91+! 4(,! 92*0/! )/*-+,! 4(,!
3*/9(0/!4(C()(*+.1:/!/!0(92)4+*1/!+,!(7(9./!4(!,+!91*2CA+$!(0!4(91*!9+20+4/!3/*!,+!
/)4+! 4(! 9P/B2(! 4(,! ,=0(*! (H91-(*! /! 3/*! (,! 1)9*(-()./! 4(! ,+! GWX! 9+20+4/! 3/*! (,!
+)1,,/!4(!029916)!P+0.+!+,!-()/0!a^!--OC>!!
F)! /.*/! (0.241/! *(+,15+4/! 0/<*(! 2)+! 0(*1(! 4(!#[!/Q/0! 4(! #`! 3+91().(0! B2(!
P+<A+)!014/!0/-(.14/0!+!?gbWi$!i1-!;!9/,0>!"#^&!*(3/*.+*/)!2)!9+0/!4(!P(-/**+C1+!
-+92,+*! 9/)! 38*414+! 4(! +C24(5+! :102+,! 4(! 2)+! ,A)(+! +! ,+0! a! 0(-+)+0! 4(! ,+!
1).(*:()916)!0/<*(!,+!+C24(5+!:102+,!9/**(C14+!3*(:1+!3/0./3(*+./*1+>!!
G+,,1k+*10!;!!b1C+)/0!!"#a&!*(3/*.+*/)!%!9+0/0!4(!-+)9P+!4(!j29P0!0/<*(!2)!
./.+,! 4(! \%^! 9+0/0! @]$anD! 4(0+**/,,+4+! ().*(! #! ;! \!-(0(0! 4(03280! 4(! ,+! 91*2CA+!
?gbWi!>!?/0!+2./*(0!02C1*1(*/)!B2(!,+!3/01<,(!9+20+!4(!(0.+0!-+92,/3+.A+0!3241(*+)!
Q20.1719+*0(! 3/*! (,! 1)9*(-()./! *(3().1)/! 4(! GWX! 42*+).(! ,+! 029916)! ;! (,! 3+0/! 4(,!
-19*/B2(*+./-/>!b1)!(-<+*C/$!/.*+!3/01<,(!(H3,19+916)!3/4*A+!(0.+*!()!(,!(7(9./!4(!
,+0!/)4+0!4(!9P/B2(!/*1C1)+4+0!3/*!(,!!,=0(*!(H91-(*!B2(!3241(*+)!+9.2+*!0/<*(!,+!
9/*/14(0! 42*+).(! ,+! +<,+916)$! 01! <1()! ,/! (0.241/0! 1)h:1.*/! *(+,15+4/0! 3/*! b(1,(*! ;!
9/,0>! 02C1(*()! 80.+! 9/-/! 2)+! 9+20+! 3/9/! 3*/<+<,(! 4+4+! ,+! 410.*1<2916)! 4(! ,+0!
72(*5+0! -(9=)19+0! 4().*/! 4(,! /Q/! 42*+).(! ,+! B2(*+.(9./-A+! 7/./**(7*+9.1:+>! "^Z$!




?2)+! ;! 9/,0>! *(3/*.+*/)! 2)! 9+0/! 4(! 2)! 3+91().(! 4(! \#! +V/0! 4(! (4+4! B2(!
4(0+**/,,6!4(03280!4(! ,+!91*2CA+!!?gbWi! !0()4+0!P(-/**+C1+0!02<**(.1)1+)+0!()!(,!
3/,/! 3/0.(*1/*! "`e&>! ! ?/0! +2./*(0! )/! P191(*/)! 2)+! (H3,/*+916)! 4(,! 7/)4/! 4(! /Q/!
1)-(41+.+-().(!3/0.(*1/*!+!,+!91*2CA+!3(*/!,+!<2()+!+C24(5+!:102+,!4(,!3+91().(!+!
,+0! %`! ;! e%! P/*+0! 3/0.(*1/*(0! )/! 1)419+<+)! ,+! 3*(0()91+! 4(! ,+0! ,(01/)(0! ()! (0(!
-/-()./>!M/-/!9+20+!4(!(0.+0!P(-/**+C1+0!,/0!+2./*(0!0(!1)9,1)+*/)!3/*!+0/91+*,+!
+!,/0!9+-<1/0!*(3().1)/0!4(!GWX!3*/:/9+4/0!3/*!(,!+)1,,/!4(!029916)!;!(,!3+0/!4(,!
-19*/B2(*+./-/! 42*+).(! ,+! 7/*-+916)! 4(,! 9/,C+Q/$! 3+*.192,+*-().(! ()! +B2(,,/0!
/Q/0!-=0!0209(3.1<,(0!+!,/0!(7(9./0!4(!(0.+0!72(*5+0!-(9=)19+0!9/-/!(0!(,!9+0/!4(!
,/0! +,./0!-1/3(0>! b1)! (-<+*C/$! ()! (0.(! .*+<+Q/! ,/0! +2./*(0! .+-<18)! ()9/).*+*/)!
9/)C(0.16)! :()/0+! ;! P(-/**+C1+0! *(.1)1+)+0! -=0! +,(Q+4+0! 4(,! =*(+! -+92,+*$!
,/9+,15+4+0!()!(,!(92+4/*$!9/-3+.1<,(0!9/)!,+!3*(0()91+!4(!2)+!/9,2016)!4(!,+!:()+!




B2(! /92**16! 1)-(41+.+-().(! 4(03280! 4(! ,+! 91*2CA+! ?gbWi! "^%&>! ?+! P(-/**+C1+! 0(!
*(0/,:16!4(03280!4(!,+!+3,19+916)!4(!,=0(*!f4RYg'!9/)!2)+!+C24(5+!:102+,!71)+,!4(!
%]q%]>!!
F,,1(0! ;! 9/,0>! "`[&! ! 32<,19+*/)! 2)! .*+<+Q/! B2(! 4(09*1<(! (,! 9+0/! 4(! 4/0!
3+91().(0!B2(!4(0+**/,,+*/)!P(-/**+C1+!-+92,+*!4(03280!4(!?gbWi>!F)!2)/!4(!020!
3+91().(! 0(! 4(.(9.6! 2)+! -(-<*+)+! )(/:+092,+*! 9/*/14(+! @_fuMD>! F)! (,! /.*/!
+3+*(916! 2)+! P(-/**+C1+! +! ,/0! `! 4A+0! 4(! ,+! 91*2CA+>! ?/0! +2./*(0! 02C1(*()! B2(! ,+0!
3+./,/CA+!-+92,+*(0!3*((H10.().(!.+,(0!9/-/!_fuM!/!(0.*A+0!()!,+9+$!3241(*+)!0(*!
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9/).*+1)419+91/)(0!41*(9.+0!+!,+!91*2CA+!?gbWi!3+*+!,+!+,.+!-1/3A+>!
!F)!/.*/!.*+<+Q/!3/0.(*1/*$! ,/0!-10-/0!+2./*(0! *(3/*.+*/)!B2(! 02! 0(C2)4/!
3+91().(! 4(0+**/,,6! `! +V/0!-=0! .+*4(! 2)+! P(-/**+C1+!-+92,+*! 0(92)4+*1+! +! 2)+!
(0.*A+! ()! ,+9+! 3*(0().(! ()! (,! /Q/! +4(,7/! )/! /3(*+4/! "a#&>! S(! (0.(! .*+<+Q/$! 32(4(!
/<0(*:+*0(!B2(!,+!0(C2)4+!P(-/**+C1+!/92**16!()!(,!3+91().(!1)4(3()41().(-().(!
4(! B2(! 0(! ,(! P2<1(*+! 3*+9.19+4/! ,+! 91*2CA+! ?gbWi>! b1)! (-<+*C/$! ,+! 3*1-(*+!








o215h_/*()/! ;! 9/,0>! "a`&! 32<,19+*/)! 2)! 9+0/! +10,+4/! 4(! 4(0+**/,,/! 4(!
+C2Q(*/!-+92,+*!.*+0!2)!3(*1/4/!4(!%%!-(0(0!4(!,+!+3,19+916)!4(!2)+!91*2CA+!?gbWi!
3+*+! ,+!9/**(9916)!4(!ha$e^!S! !()!2)!3+91().(!9/)!^\!+V/0>!F,!+C2Q(*/! 72(!.*+.+4/!
(H1./0+-().(!-(41+).(!:1.*(9./-A+!!9/)!3(,+4/!4(!,+!-(-<*+)+!,1-1.+).(!1).(*)+!
B2(!.*+Q/!9/-/!9/)0(92()91+!2)+!38*414+!4(!+C24(5+!:102+,!4(04(!%]q%]!4(03280!
4(! ,+! 91*2CA+! ?gbWi! P+0.+! %]q#]]>! ?/0! +2./*(0! 3*/3201(*/)! 9/-/! 3/01<,(! 9+20+!
1-3,19+4+!()!,+!7/*-+916)!4(,!+C2Q(*/!(,!(0.*80!+,!B2(!(,!/Q/!72(!0/-(.14/!42*+).(!
,+!91*2CA+!*(7*+9.1:+>!!
Y+)C! ;! 9/,0>! "a^&$! 2.1,15+*/)! ,+! .(9)/,/CA+! 4(! K/-/C*+7A+! 4(! M/P(*()91+!
x3.19+! @XMKD! 3+*+! (:+,2+*$! ()! 2)! (0.241/! ,/)C1.241)+,! *(+,15+4/! 0/<*(! %e! /Q/0!
0/-(.14/0!+!91*2CA+!?gbWi$!!(,!9+-<1/!()!(,!C*/0/*!-+92,+*!+9/).(914/!P+0.+!#!-(0!






.2:/! 9/**(,+916)! )1! 9/)! ,+! 42*+916)! 4(! ,+! 029916)! )1! 9/)! (,! C*+4/! 4(! -1/3A+!
1).(*:()14+>!$
G*1)913(!;!9/,0>!"aa&!*(3/*.+*/)!(,!3*1-(*!9+0/!4(!P(-/**+C1+!-+92,+*!.*+0!
,+! *(+,15+916)! 4(! 2)+! 91*2CA+! ?gbWi! 3+*+! ,+! 9/**(9916)! 4(! -1/3A+! 4(! C*+4/!
-/4(*+4/!()!2)+!3+91().(!4(!\a!+V/0!4(!(4+4$!2.1,15+)4/!(,!,=0(*!4(!7(-./0(C2)4/!
3+*+! ,+! 9*(+916)! 4(,! 9/,C+Q/>! g,! 4A+! 01C21().(! 4(! ,+! (H3,/*+916)! 4(.(9.+*/)! 2)+!
P(-/**+C1+!-+92,+*!4(!2)+!(H.()016)!4(!#q\!4(!41=-(.*/!4(!4109/!+0/91+4+!+!2)+!
38*414+! 4(! +C24(5+! :102+,>! ! ?/0! +2./*(0! *(+,15+*/)! 2)+! g'j! 3+*+! 4(09+*.+*! 2)+!
3*(4103/01916)! +! 3+./,/CA+! -+92,+*>! S/0! -(0(0! -=0! .+*4(! ,+! P(-/**+C1+! P+<A+!
4(0+3+*(914/! ;! ,+! +C24(5+! :102+,! 0(! P+<A+! *(923(*+4/! +! 02! )1:(,! -=H1-/>! ?+!
+20()91+!()!(0.(!3+91().(!4(!3+./,/CA+!3*(:1+$!(,(:+4+!-1/3A+!2!/.*/0! 7+9./*(0!4(!
*1(0C/! .+,(0! 9/-/! I,+9B2(*! 9*+9k0J! /! )(/:+092,+*15+916)! 9/*/14(+! 3*(h(H10.().(!
1)42Q/!+! ,/0!+2./*(0!+!+0/91+*!(0.(!(310/41/! 9/)!(,!3*/9(41-1()./!B21*E*C19/>! b1)!
(-<+*C/$!020!+*C2-()./0!+,!*(9P+5+*! ! ,+!3/01<,(!9+20+0!*(,+91/)+4+!9/)!9+-<1/0!
*(3().1)/0!4(!3*(016)!1).*+/92,+*!42*+).(!,+0!-+)1/<*+0!B21*E*C19+0!0/)!9/)720/0!




4(! +3+*1916)! 4(! 2)! 4(03*()41-1()./! <1,+.(*+,! 0(*/0/! -+92,+*$! +0/91+4/! +! 2)+!
38*414+! *(3().1)+! 4(! +C24(5+! :102+,! ()! +-</0! /Q/0$! +! ,/0! `! 4A+0! 4(! P+<(*0(!
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3*+9.19+4/! 2)+! 91*2CA+! ?gbWi! 3+*+! ,+! 9/**(9916)! 4(! P13(*-(.*/3A+! 4(! p^$]]! S! ;!
pe$]]!S!()!/Q/!4(*(9P/!(!15B21(*4/!*(03(9.1:+-().($!01)!9/-3,19+91/)(0!+3+*().(0>!
F,! (H+-()! /92,+*!3*(:1/! +! ,+! 91*2CA+! *(:(,+<+! ,+! 3*(0()91+! 4(! +.*/71+! 4(,! (31.(,1/!
31C-().+*1/! ()! ,+! *(C16)! -+92,+*! ()! +-</0! /Q/0>! g,! 3+91().(! 0(! ,(! 41+C)/0.196!
9/*/14/3+.A+! 9().*+,! 0(*/0+! @MMbD>! F)! (0.(! 9+0/$! ,/0! +2./*(0! +4:1*.1(*/)! 4(! ,+!
3/01<,(!*(9141:+!4(!.+,(0!3+./,/CA+0! .*+0! ,+!+3,19+916)!4(!2)!3*/9(41-1()./!?gbWi!!
32(0! ,+!MMb!0(!9/)014(*+!3*/42914+!3/*!2)+!410*23916)!4(,!</-<(/! 16)19/!4(! ,+0!
98,2,+0! 4(,! ! (31.(,1/! 31C-().+*1/! /! +! 2)+! IP13(*3(*-(+<1,14+4J! 4(! ,+!
:+092,+*15+916)! 9/*/14(+>! ?/0! 3/01<,(0!-(9+)10-/0! 4(0()9+4()+).(0! 4(! 2)+! MMb!
4(03280!4(!?gbWi!1)9,2;()!3/*!2)!,+4/!!,+!C()(*+916)!4(!/)4+0!4(!9P/B2(!4(<14+0!





U2.,(*! ;! 9/,0>! "a[&! 32<,19+*/)! 0()4/0! 9+0/0! 4(! +3+*1916)! 4(! 0A)4*/-(! 4(!
(72016)!2:(+,! .*+0!?gbWi>!N)+!3+91().(!4(!^]!+V/0! !4(0+**/,,6!3,1(C2(0!9/*/14(/0!
9/)! +9E-2,/! 4(! 7,214/! 02<*(.1)1+)/! +,! 4A+! 01C21().(! 4(! P+<(*,(! *(+,15+4/! ?gbWi!
P13(*-(.*6319/>!X.*/!3+91().(!:+*6)!4(!`[!+V/0!4(0+**/,,/! .+-<18)!2)!0A)4*/-(!
4(!(72016)!2:(+,!;!3,1(C2(0!9/*/14(/0!02<-+92,+*(0!+!,/0!3/9/0!-(0(0!4(!/3(*+*0(!
02! P13(*-(.*/3A+! -(41+).(! ?gbWi>! g-</0! 9+0/0! -/0.*+*/)! 2)+! *(923(*+916)!
9/-3,(.+!4(!,+!+C24(5+!:102+,>!
gP-+41(P! ;! 9/,0>! "aZ&! *(3/*.+*/)! 2)! 9+0/! 4(! /9,2016)! 4(! +*.(*1+!
91,1/*(.1)1+)+! <1,+.(*+,! +0/91+4+! 9/)! )(2*/3+.A+! 63.19+! 10B28-19+! 4(03280! 4(!










g*(:+,/!;! 9/,0>! "e#&!32<,19+*/)!2)+! 0(*1(!4(!%]!/Q/0!B2(!4(0+**/,,+*/)!2)!
+C2Q(*/! -+92,+*! @g_D! 4(03280! 4(! ,+! *(+,15+916)! 4(! ?gbWi! <1,+.(*+,! 3+*+! ,+!
9/**(9916)! 4(! -1/3A+! ()! 2)! (0.241/! *(.*/03(9.1:/! *(+,15+4/! ()! #]! 1)0.1.291/)(0!
417(*().(0! 9/)! 2)! ./.+,! 4(! [\>Z\[! /Q/0$! *(02,.+)4/! 2)+! 1)914()91+! 4(,! ]>]%n>! F,!
-/-()./!4(!+3+*1916)!4(,!g_!(0.2:/!9/-3*()414/!().*(!#!;![\!-(0(0!4(03280!4(,!
?gbWi!@-(41+!#%>#!-(0(0DL!()!(,!a]n!4(!,/0!9+0/0!(,!g_!0(!4(0+**/,,6!+).(0!4(!,/0!
a!-(0(0! .*+0! (,! .*+.+-1()./! ?gbWi$! ;! ()! (,! \]n! +).(0! 4(,! +V/>! F,! Z`$en! 72(*/)!
-2Q(*(0!;! ./4/0! ,/0!/Q/0! 72(*/)!-1/3(0!@*+)C/R! h]$^]!S$! h#Z$e^!SD!9/)!2)+!-(41+!
4(!h[$Z!S>!?+!3+./C8)(010!4(,!g_!@(03(91+,-().(!+B2(,,/0!4(!/*1C()!141/3=.19/D!(0!
2)!.(-+!9/).*/:(*.14/$!+2)B2(!0(!9*((!B2(! ,+! .*+9916)!:A.*(/h7/:(+,! Q2)./!9/)!,/0!




+4(-=0!4(! ,+0!/)4+0!4(! 9P/B2(!C()(*+4+0!3/*!(,! ,=0(*$! 9/-/! 7+9./*(0!+! .()(*!()!
92().+!()!(,!4(0+**/,,/!4(!(0.+!3+./,/CA+>!!
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()!02!/Q/! 15B21(*4/>!F,!3+91().(! 72(!-+)(Q+4/!-(41+).(!:1.*(/,1010!9/)! ,=0(*!Yg'>!
?+!*(923(*+916)!4(! ,+!+C24(5+!:102+,! 72(!9/-3,(.+!+! ,/0!%!-(0(0!4(,! .*+.+-1()./>!
?/0! +2./*(0! 14().1719+*/)! (0.+! 3+./,/CA+! 9/-/! 2)+! *(.1)/3+.A+! I.13/! :+,0+,:+J!
3/01<,(-().(!9/-/!*(02,.+4/!4(!9+-<1/!*(3().1)/!4(!3*(016)!1).*+/92,+*!1)42914/!
3/*!,+!029916)!;!(,!3+0/!4(,!-19*/B2(*+./-/!42*+).(!,+!91*2CA+!?gbWi>!!
b-1.P! ;! 9/,0>! "e\&! *(3/*.+*/)! 2)! 9+0/! 4(! /9,2016)! :()/0+! P(-1**(.1)1+)+!
+0/91+4+!+!91*2CA+!?gbWi!()!2)!3+91().(!Q/:()!/!9/)!+20()91+!4(!7+9./*(0!4(!*1(0C/!
+0A! 9/-/! 9/)! )/*-+,14+4! ()! ./4/0! ,/0! .(0.! 4(! ,+</*+./*1/>!S(! )2(:/$! ,/0! +2./*(0!
()9/).*+*/)!2)+!+0/91+916)!9+20+,!9/)!(,!3*/9(41-1()./!B21*E*C19/!;!,/0!9+-<1/0!
<+*/-8.*19/0!+0/91+4/0!+,!-10-/>!!
o/4*AC2(5hM/,(-+)! ;! 9/,0>! "e`&! *(3/*.+*/)! 2)! ! 9+0/! 4(! +3+*1916)! 4(!
-+92,/3+.A+!+0/91+4+!+!7/0(.+!9/)C8)1.+!4(!)(*:1/!63.19/!()!2)!3+91().(!0/-(.14/!
+! 91*2CA+! ?gbWi! +! ,/0! 4/0! -(0(0! 4(! ,+! 1).(*:()916)>! F0.+! *+*+! -+,7/*-+916)!
9/)C8)1.+!4(,!4109/!63.19/!/92**(!()!-()/0!4(!2)/!4(!9+4+!#]>]]]!3(*0/)+0>!?/0!
+2./*(0! +0/91+*/)! (,! 3/01<,(!-(9+)10-/!4(! C8)(010! 4(! ,+! 3+./,/CA+! 9/)! (,! (0.*80!










()! ,+! 91*2CA+! ?gbWi! .+-<18)! P+! 014/! +0/91+4+! +! ,+! +3+*1916)! 4(! (310/41/0! 4(!
10B2(-1+!-+).()14+!0/<*(!(,!)(*:1/!63.19/>!
!U20P,(;! /! 9/,0>! "e^&! 32<,19+*/)! 2)! 9+0/! 4(! 4(7(9./! 4(! 9+-3/! :102+,! 4(!
+3+*1916)!*(3().1)+!+0/91+4/!+!,+!91*2CA+!?gbWi!()!2)+!3+91().(!4(!%[!+V/0!4(!(4+4!
9/)! +,.+! -1/3A+! @h#]! SD! (! P10./*1+! 7+-1,1+*! 4(! C,+29/-+! 4(! .()016)! )/*-+,>! ?+!




4(! C,+29/-+! ;! +,! C*+4/! 4(! -1/3A+$! 9/)! (,! 1)9*(-()./! .*+)01./*1/! 4(! ,+! 3*(016)!
1).*+/92,+*! (Q(*914+! 3/*! (,! -19*/B2(*+./-/$! +02-1()4/! B2(! .+,! 3*(016)! 3241(*+!
3*(9131.+*! ,+! 10B2(-1+! 0/<*(!(,!)(*:1/!63.19/!;!(,! 9/)01C21().(!4(7(9./!4(! 9+-3/!
:102+,>!
?((! ;! 9/,0>! "ea&! 32<,19+*/)! 2)! .*+<+Q/! 4(! 9+*=9.(*! *(.*/03(9.1:/! 9/)! 2)+!
0(*1(! ! 4(! `! 3+91().(0! B2(! 4(0+**/,,+*/)! )(2*/3+.A+! 63.19+! 0(92)4+*1+! +! ,+!
1).(*:()916)! ! ?gbWi! 3+*+! ,+! 9/**(9916)! 4(! 02! 4(7(9./! *(7*+9.1:/$! +0/91+4+! +! 2)+!
38*414+! 4(! +C24(5+! :102+,! 01)! *(923(*+916)! 3/0.(*1/*>! F)! %! 4(! ,/0! 9+0/0! 0(!
(:14()916! ,+! 3*(0()91+! 4(! (4(-+! 4(! 4109/! -1().*+0! B2(! ()! ,/0! /.*/0! %! (,! 4109/!
+3+*(916!9,+*/!;!9/)!</*4(0!4(71)14/0$!9/-3+.1<,(!9/)!2)!/*1C()!*(.*/<2,<+*>!F0./0!




M+-(*/)! ;! 9/,0>! "ee&! *(3/*.+*/)! 2)! 9+0/! 4(! )(2*/3+.A+! 63.19+! <1,+.(*+,!
4(03280! 4(! ?gbWi! ()! 2)! 3+91().(! 9/)! )(*:1/0! 63.19/0! 4(! +3+*1()91+! 0+)+!
3*(:1+-().(! +! ,+! 1).(*:()916)>! ?+! )(2*/3+.A+! 0(! -+)17(0.6! 9/)! 410-1)2916)!
02<Q(.1:+!4(!9+-3/!:102+,$!+C24(5+!:102+,!)/*-+,$!:1016)!9*/-=.19+!)/*-+,$!4(7(9./!
3231,+*!+7(*().(!(!1)9*(-()./!4(!,+!(H9+:+916)!4(<14/!+!2)!4(7(9./!7/9+,!4(,!+)1,,/!















2)! 3(*1/4/! 4(! a! -(0(0! 3/0.(*1/*! +! ,+! 1).(*:()916)>! G+*+! (,,/$! ! ,/0! +2./*(0!
(-3,(+*/)!(,!+)+,15+4/*!4(!71<*+0!)(*:1/0+0!'SH!9/)!(,!71)!4(!(:1.+*!(,!(7(9./!4(!,+!





/*1C()! 63.19/! 4(! (0./0! 9+-<1/0! ()! ,+0!-(414+0! 4(,! (03(0/*! 4(! ,+! 9+3+! 4(! 71<*+0!
)(*:1/0+0>!!
G1(..(! ;! 9/,0>! "[]&! 1):(0.1C+*/)! (,! (7(9./! 4(! ,/0! 9+-<1/0! +C24/0! 4(! GWX!
3*/:/9+4/0! 9/)! /7.+,-/41)+-/-(.*A+! 0/<*(! ,+! -/*7/,/CA+! 4(,! 4109/! 63.19/!
2.1,15+)4/!2)!./-6C*+7/!4(!9/P(*()91+!63.19+!.13/!O(14(,<(*C!o(.1)+,!K/-/C*+3P!
WW! @O(14(,<(*C! '-<O$! O(14(,<(*C$! '(*-+);D! *(C10.*+)4/! ,+0! -(414+0! +).(0$!
42*+).(!;!4(03280!4(!,+!(,(:+916)!4(!,+!GWX>!F,!(0.241/!0(!*(+,156!()!#e!/Q/0!4(!#a!
02Q(./0! )/*-+,(0! B2(! :/,2).+*1+-().(! +99(41(*/)! +,! (H3(*1-()./>! K/4/0! ,/0!
3+*=-(.*/0!(:+,2+4/0R! =*(+!;!:/,2-()!4(,! +)1,,/$! +0A! 9/-/!4(! ,+! (H9+:+916)!;!(,!
C*/0/*!4(!,+!9+3+!4(!71<*+0!)(*:1/0+0!(H3(*1-().+*/)!2)!9+-<1/!(0.+4A0.19+-().(!
01C)1719+.1:/! 42*+).(! (,! .1(-3/! ()! B2(! ,+! GWX! (0.2:/! (,(:+4+>! ?/0! +2./*(0!
()9/).*+*/)! B2(! ./4+0! ,+0! -(414+0! :/,:A+)! +! 020! :+,/*(0! )/*-+,(0! (H9(3./! ,+0!
+0/91+4+0! +,! C*/0/*! 4(! ,+! 9+3+! 4(! 71<*+0! )(*:1/0+0! 9/)9,2;()4/! B2(! ,/0! 9+-<1/0!
.*+)01./*1/0!4(!:1016)!3241(*+)!3*/:/9+*!9+-<1/0!-(41<,(0!()! ,+! ./3/C*+7A+!4(! ,+!
9+<(5+!4(,!)(*:1/!63.19/>!!
!yP1.0/)! ;! 9/,0>! "[#&! .*+.+*/)! 4(! 4(.(*-1)+*! -(41+).(! 2)! (H3(*1-()./!
01-1,+*! +,! *(+,15+4/! 3/*! G1(..(! ;! 9/,0>"[]&! 01! (,! ?gbWi! 3*/429A+! 9+-<1/0!
01C)1719+.1:/0!()!,+!./3/C*+7A+!4(!,+!9+<(5+!4(!)(*:1/!63.19/!;!(,!C*/0/*!4(!,+!9+3+!
4(! 71<*+0! )(*:1/0+0! ;! 01! (0./0! 3/4A+)! 0(*! -(414/0! 9/)! (,! O(14(,<(*C! o(.1)+!
K/-/C*+3P! @OoKD>! F)! (0.(! (0.241/! 3*/03(9.1:/! 0(! 1)9,2;(*/)! \`! 3+91().(0! B2(!
72(*/)! 0/-(.14/0! +! ?gbWi>! ?/0! +2./*(0! )/! ()9/).*+*/)! 9+-<1/0! 01C)1719+.1:/0!
-(41<,(0!()!,+!./3/C*+7A+!4(!,+!9+<(5+!4(,!)(*:1/!63.19/>!!
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F)!/.*/!(0.241/!32<,19+4/!3/*!Y(!;!9/,0>!"[%&!(0./0!+2./*(0!.*+.+*/)!4(!:(*!(,!
(7(9./! 4(! ,+! (,(:+916)! *(3().1)+! 4(! ,+! GWX! 0/<*(! ,+! 9+<(5+! 4(,! )(*:1/! 63.19/! ;! ,+!
*(.1)+!()!2)+!0(*1(!4(!/Q/0!4(!9/)(Q/!+!,/0!B2(!0/-(.1(*/)!+!2)!1)9*(-()./!4(!GWX!
P+0.+!a^!--OC!42*+).(!417(*().(0!3(*A/4/0!4(!.1(-3/!@\]!0(C$!#!-1)!;!\!-1)D>!F,!








4(! ,+! 9+3+! 4(! 71<*+0! )(*:1/0+0! (-3,(+)4/! 2)! -8./4/! 4(! 9/-3()0+916)! 3+*+!
(,1-1)+*! ,+! 9/)72016)! B2(! ,+0! 3*/31(4+4(0! 63.19+0! 4(! <1**(7*1)C()91+! 3241(*+)!
/9+01/)+*!()!,+0!-(4191/)(0>!F,!+)=,1010!72(!*(+,15+4/!0/<*(!2)+!0(*1(!4(!^Z!/Q/0!4(!
%Z! 3+91().(0! 0/-(.14/0! +! ?gbWi>! F0./0! +2./*(0! )/! ()9/).*+*/)! 417(*()91+0!
01C)1719+.1:+0! ()! ,/0! 3+*=-(.*/0! (:+,2+4/0! 2)+! :(5! 9/-3()0+4+! ,+! 1).(*7(*()91+!
1)42914+!3/*!,/0!9+-<1/0!()!,+!<1**()7*1)C()91+!9/*)(+,! !+0/91+4/0!+,!.*+.+-1()./!
,=0(*!9/)9,2;()4/!B2(!,/0!3/01<,(0!9+-<1/0!()!,+!./3/C*+7A+!4(!,+!9+<(5+!4(,!)(*:1/!
63.19/! ;! ,+! *(.1)+! (*+)! 4(<14/0! (H9,201:+-().(! +! 2)! +*.(7+9./! 1)0.*2-().+,!
+0/91+4/!+!,+!3/,+*15+916)!4(!,+!96*)(+>!
X.*/!(0.241/!01-1,+*!72(!(,!*(+,15+4/!3/*!S(-().:;(:!;!9/,0>!"[`&!()!(,!B2(!
(-3,(+*/)! ,+! ./-/C*+7A+! 4(! 9/P(*()91+!63.19+!XMKhb.*+.20! 3+*+! 4(.(*-1)+*! 01! (,!
1)9*(-()./! 4(! GWX! 1)42914/! 3/*! ,+! 029916)! 42*+).(! ?gbWi! 3241(*+! 1)4291*! 2)+!




/Q/0! 4(! #Z! 3+91().(0! ;! ,+0!-(414+0! 0(! *(+,15+*/)! +).(0$! +! ,+! 0(-+)+! ;! +! ,/0! .*(0!
-(0(0!4(03280!4(!,+!1).(*:()916)>!F,!C*/0/*!4(!,+!9+3+!4(!71<*+0!)(*:1/0+0!3+06!4(!
#]`>%pqhZ>]!-19*+0!+).(0!4(!,+!1).(*:()916)!+!#]#>Zpqha>Z!-19*+0!+!,+!0(-+)+!;!+!
2)! :+,/*! 4(! #]a>epqha>#! -19*+0! +! ,/0! ! \! -(0(0! 3/0./3(*+./*1/0! 01)! 417(*()91+0!




C*23/! 4(! %]! 3+91().(0! /3(*+4/0!-(41+).(! ?gbWi! +).(0! ;! \!-(0(0! 4(03280! 4(! ,+!
1).(*:()916)!@2.1,15+)4/!/.*/!C*23/!9/).*/,!4(!#`!3+91().(!)/!1).(*:()14/0D>!G+*+!
(,,/! 2.1,15+*/)! :+*1/0! 010.(-+! 4(! -(414+R! 3/,+*1-(.*A+! ,=0(*! @'SH! f(*:(! j1<(*!
g)+,;5(*D! 9/)!2)! 010.(-+!4(! 9/-3()0+916)!9/*)(+,! 71Q/! @jMMD$! ! !'SH!f(*:(!j1<(*!
g)+,;5(*!9/)!2)!010.(-+!4(!9/-3()0+916)!9/*)(+,!:+*1+<,(!@uMMD!()!72)916)!4(!,+0!
9+*+9.(*A0.19+0! 71)+,(0!4(! ,+!96*)(+!/3(*+4+!;! 71)+,-().(!-(41+).(!./-/C*+7A+!4(!
9/P(*()91+!63.19+!@XMKD>!F,!C*/0/*!1)191+,!4(!,+!9+3+!4(!71<*+0!)(*:1/0+0!*(02,.6!0(*!
4(! e[>#! -19*+0! @e%>%h[\>ZD$! ^`>\! -19*+0! @^%>eh^a>]D$! ;! Za>[! -19*+0! @Z\>%h#]]>^D!
3+*+!(,!'SH!jMM$!'SH!uMM!;!!XMK!*(03(9.1:+-().(>!
f/! ()9/).*+*/)! 9+-<1/0! 01C)1719+.1:/0! ().*(! ,+0! -(414+0! <+0+,(0! ;! ,+0!
/<.()14+0! 42*+).(! (,! 0(C21-1()./! )1! ()! (,! C*23/! 9/).*/,! )1! ()! (,! C*23/! ?gbWi!!
@9/)014(*+)4/!2)!9+-<1/!-(41/!4(!s!^!-19*+0!3+*+!9+4+!1)0.*2-()./D>!?/0!+2./*(0!
06,/!/<0(*:+*/)!*(429916)!()!,+!9+3+!4(!71<*+0!)(*:1/0+0!()!(,!C*23/!?gbWi!92+)4/!
80.+0! 72(*/)!-(414+0! 9/)!(,!'SH!jMM!01()4/!(0.+! *(429916)!4(!#%>`!-19*+0! @e>eh
#e>%D$! #^>\! -19*+0! @Z>ah%]>ZD$! ;! #%>Z! -19*+0! @e>ah#[>#D! ()! -(414+0! 023(*1/*$!
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1)7(*1/*$!;!C,/<+,$!*(03(9.1:+-().(!@./4+0!3s!6!r!]>]]#D>!?/0!+2./*(0!9/)9,2;(*/)!
B2(! (,! ?gbWi! )/! 3+*(9(! 1)4291*! 2)! 9+-<1/! ()! (,! C*/0/*! 4(! ,+! 9+3+! 4(! 71<*+0!




10B28-19+! )/! +*.(*A.19+! ()! 2)! 3+91().(! 0/-(.14/! +! 91*2CA+! ?gbWi! ()! (,! 92+,! (,!
9/,C+Q/!0(!/<.2:/!-(41+).(!,=0(*!4(!7(-./0(C2)4/>!
_/).(52-+!;!9/,0>! "[e&!32<,19+*/)!2)!9+0/!4(!2)!3+91().(!4(!%`!+V/0!B2(!
4(0+**/,,6! 2)+! )(2*/3+.A+! 63.19+! 4(03280! 4(! ,+! 1).(*:()916)! 4(! ?gbWi! ! 3+*+! ,+!
9/**(9916)!4(!02!-1/3A+$!(-3,(+)4/!2)!(31k(*+./-/!3+*+!,+!*(+,15+916)!4(,!9/,C+Q/!
(31.(,1+,!3*(:1/!+!,+!+<,+916)!@(31h?gbWiD>!?+!3+./,/CA+!92*06!9/)!38*414+!-/4(*+4+!
4(! :1016)! 9().*+,$! (09/./-+! 9().*+,$! 4(7(9./! 3231,+*! +7(*().(! *(,+.1:/! ,(:(>! b(!
/<0(*:6!2)+!*(0/,2916)!9/-3,(.+!+!,+0!4/0!0(-+)+0!4(!,+!1).(*:()916)>!?/0!+2./*(0!



























06,/! ()!2)!/Q/! 0(! 4(.(9.6!2)+! (H.()016)! 4(,!4(03*()41-1()./! .*+0! ,+! 91*2CA+>! ?/0!
+2./*(0! )/! ()9/).*+*/)! 2)+! *(,+916)! 41*(9.+! ().*(! ?gbWi! ;! SuG! ;! 3/*! .+)./! )/!














0+.8,1.(! 9/*1/**(.1)1+)+! +9.1:+!-2;! 3*6H1-+! +! ,+! 919+.*15! +).1C2+>! F,! 3+91().(! 72(!
.*+.+4/!(H1./0+-().(!;!02!+C24(5+!:102+,!0(!)/*-+,156>!!
j/).+1)(! "Z#&! *(3/*.+*/)! 2)! 9+0/! 4(! *(+9.1:+916)! 4(! 9/*1/**(.1)1.10! 3/*!
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M/-/! *(02-()! +,! (0.+4/! +9.2+,! 4(,! .(-+! 4(,! B2(! .*+.+! ,+! 3*(0().(! .(010!
4/9./*+,! 3/4(-/0! 9/)014(*+*! B2(! ,+! +3,19+916)! 4(! ,+! 91*2CA+! *(7*+9.1:+! 9/)! ,=0(*!
(H91-(*$!(03(91+,-().(!()!+B2(,,+0!-/4+,14+4(0!()!,+0!B2(!0(!(-3,(+!2)+!</-<+!
4(! 029916)! 3+*+! 71Q+*! (,! /Q/! 42*+).(! ,+! 91*2CA+$! P+! 014/! +0/91+4+! ()! )2-(*/0+0!
32<,19+91/)(0!9/)! ,+!3*(0()91+!4(!4(03*()41-1()./!4(!*(.1)+!;!/.*+0!+,.(*+91/)(0!
-+92,+*(0>! gE)! +0A$! ! P+0.+! (,!-/-()./! )/! 0(! P+! ()9/).*+4/! 2)+! *(,+916)! 9+20+,!
41*(9.+! ;! 3/4(-/0! 9/)014(*+*! B2(! ,+0! 9/-3,19+91/)(0! 0(*1+0! 0(92)4+*1+0! +,!
3*/9(41-1()./!)/!0/)!7*(92().(0>!!
K()1()4/!()! 92().+! ,+!C*+)!9+).14+4!4(! 0(*1(!32<,19+4+0!4(!3+91().(0!B2(!
P+)! 014/! 1).(*:()14/0! (H1./0+-().(! 9/)! 91*2CA+! *(7*+9.1:+! ,=0(*! 3/4(-/0!
9/)014(*+*! B2(! ,+! .89)19+! +9.2+,-().(! ()! 20/! (0! 0(C2*+! ()! .8*-1)/0! 4(!
9/)0(*:+916)!4(!,+!1).(C*14+4!4(!,+0!(0.*29.2*+0!/92,+*(0!1).(*)+0>!f/!/<0.+).($!(,!
*1(0C/! 3/.()91+,! 4(! 02<C*23/0! (03(9A719/0! @/Q/0! 9/)! +,.+! -1/3A+$! 9/)! 3+./,/CA+!
*(.1)1+)+!3*((H10.().($!(.9>D!4(<1(*+!0(*!9/)014(*+4/!+3+*.(>!!
N)! +03(9./! 1-3/*.+).(! +! .()(*! ()! 92().+! (0! B2(! ,+! 91*2CA+! *(7*+9.1:+!
+3,19+4+!()!,+!C*+)!-+;/*A+!4(!,+0!0(*1(0!4(09*1.+0!()!(0.+!*(:1016)!P+!014/!,,(:+4+!
+! 9+</! ()! /Q/0!-1/3(0$! ()! ,/0! 92+,(0! ,+! 1)914()91+! 4(! 4(03*()41-1()./! 4(! *(.1)+!
*(C-+.6C()/! ;! ,+! 3*(0()91+! 4(! -+92,/3+.A+! (0! -+;/*! B2(! ()! /.*/0! C*23/0!
*(7*+9.1:/0$!3+*.192,+*-().(!()!+B2(,,/0!/Q/0! 9/)!-1/3A+!(,(:+4+>!S(<(-/0! .()(*!
()! 92().+! 3/*! .+)./! B2(! (0.+0! 9/-3,19+91/)(0! 3241(*+)! )/! 0(*! 9+20+4/0! 3/*! ,+!
91*2CA+!()!0A!-10-+!01)/!3/*!,+0!9+*+9.(*A0.19+0!3+*.192,+*(0!4(!(0./0!/Q/0>!!
M/)! *(03(9./! +! ,+! 1).(*3*(.+916)! 4(! ,/0! 4(7(9./0! ()! ,+! 9+3+! 4(! 71<*+0!
)(*:1/0+0! ;! (,! 1-3+9./! 0/<*(! ,+! 1).(C*14+4! 4(,! )(*:1/! 63.19/! B2(! 0(! 4(09*1<()!
4(03280!4(!?gbWi$!3+*(9(!*+5/)+<,(!9/)9,21*!B2(!+B2(,,/!3+91().(0!9/)!C,+29/-+$!
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P10./*1+!7+-1,1+*!4(,!-10-/$!+0A!9/-/!+B2(,,/0!3+91().(0!0/03(9P/0/0!4(!3+4(9(*,/$!







































! "#! $%&%'! (%! )*+),-.)#$%'! ')! /$-(-01,%#! %2%'! &)! 3),&%! ,)3-4#! )#/3()1&%'5!
1#1$6.-31.)#$)! -#$13$%'! 7! (-8,)'! &)! &19%! 3%,#)1(! +,):-1! :),-;-313-6#! .)&-1#$)!
8-%.-3,%'3%+<1=!!$








J1,1! +,):)#-,! 31.8-%'! &)! JKL5! ')! +/'%! )'+)3-1(! 3/-&1&%! +1,1! #%! )2),3),!





! >%'! :1(%,)'! &)! JKL! ;/),%#! 3%#$,%(1&%'! 1#$)'! 7! &)'+/4'! &)! (1'! .1#-%8,1'!
M/-,N,?-31'! .)&-1#$)! $%#%.)$,<1! &)! 1+(1#13-6#! J),O-#'PFQ().)#$! Q(1,O)! "'')*5!
"#?(1#&I=!
!R)! )'$-.6! #)3)'1,-%! M/)! )(! #-:)(! &)! JKL! 1(! ;-#1(! &)(! )'$/&-%! &)8<1!
.1#$)#),')!-?/1(!%!'/+),-%,!1!S!..T?=!FUV..T?!)#!)(!)*+),-.)#$%!KKKI=!W)!)'$)!













A*+! B#C%73'2-8%.! D-'.%&-C-23! 8E! A23&'80%7'&! ,&-..%&-! #2! 3F-! G23-&#8&!
HF'CI-&!'26! 3F-!J#3&-8%.! H'4#3K*!L-&2:26-/MJ-&6-N8! OPQ! ?-%.!DGQ!R87S4'&!=*!
G03'!T9F3F'7C87*!;UUV!T03!)U*!!
,%ID-6!,DAW+!(VX<X((;*!
J1,1!.)&-,! (1! +,)'-6#! )#! (1! 3B.1,1! 1#$),-%,! ')! /$-(-06! /#1! 3B#/(1! &)! CUE!













>1'! .)&-&1'! &)! +,)'-6#! ;/),%#! %8$)#-&1'! /$-(-01#&%! /#! $,1#'&/3$%,! &)!
+,)'-6#! ,)/$-(-018()! F! a>bVZ[V! ,)/$-(-018()! ^J! b,1#'&/3),5! J%H),! >185! `W!
Material y métodos 
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K#'$,/.)#$5! Y13-#)! cKI=! R)#&%'! $/8%'! &)! '-(-3%#1! (()#%'! &)! '%(/3-6#! '1(-#1!!
3%#)3$1&%'! 1! (1'! 3B#/(1'! ')! /#-),%#! 1! (%'! $,1#'&/3$%,)'! &)! 13/),&%! 3%#! (1'!
-#'$,/33-%#)'!&)(!;18,-31#$)!3%#!)(!;-#!&)!1')?/,1,!/#!12/'$)!+,)3-'%!7!(1!)*+(/'-6#!
&)(!1-,)!M/)!+/&-),1!)'$1,!1$,1+1&%!&)#$,%!&)(!'-'$).1=!!
"(! $,1#'&/3$%,! ')! 3%#)3$6! 1! /#! 1.+(-;-31&%,! &)! ')91(! Fa>UUV! ^,-&?)!
`.+(-;-),5! `W! K#$,/.)#$I! M/)!.%'$,181! -#'$1#$B#)1.)#$)! (1! +,)'-6#! -#$,1%3/(1,!
)*-'$)#$)=!
J1,1!(1!31(-8,13-6#!&)!(%'!$,1#'&/3$%,)'!)'$%'!')!3%#)3$1,%#!1!/#1!3%(/.#1!






>%'! 31.8-%'!&)!JKL!?)#),1&%'!+%,! (1! 3%(/.#1!&)!1?/1! ;/),%#! ,)?-'$,1&%'!
31&1!@!')?/#&%'!&)'&)!)(!-#'$1#$)!)#!M/)!(1!:B(:/(1!')!18,-6!7!&/,1#$)!(%'!+,-.),%'!
SV!')?/#&%'=!!
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AA+! ,8&0#2-! D86-7! 38! H8C9'&-! Z-'7M?#C-! A23&'80%7'&! ,&-..%&-! W%&#2$! PGBA[!
\#3F!'!D-0F'2#0'7!D#0&8]-&'38C-!'26!"-C38.-0826!P'.-&*!L-&2:26-/MJ-&6-N8!





"#! )'$)! )*+),-.)#$%! ')! .-&-),%#! +,%'+)3$-:1.)#$)! (%'! 31.8-%'! &)! JKL!
-#&/3-&%'! &)'&)! (1! 1+(-313-6#! &)(! 1#-((%! &)! '/33-6#! X1'$1! )(! ;-#1(! &)(! +1'%! &)(!
.-3,%M/),1$%.%!.)3B#-3%!FaC!a%,-15!`#$%#75!g,1#3)I!%!(1!3,)13-6#!&)(!3%(?12%!#%!
.)3B#-3%!$1((1&%!3%#!(1'),!&)!;).$%')?/#&%!FK#$,1>1')!Q%,+=5!K,:-#)5!Q`I=!
! J1,1! )(! ,)?-'$,%! &)! (1! +,)'-6#! -#$,1%3/(1,! )#! (1! 3B.1,1! 1#$),-%,! /$-(-01.%'!






`W! K#'$,/.)#$'! Y13-#)! cKI=! "'$)! )'! /#! ')#'%,! )*$),#%! &)! +,)'-6#! :1'3/(1,!
3%#)3$1&%! F)#! #/)'$,%! )*+),-.)#$%! 1! (1! 3B.1,1! 1#$),-%,I! 1! $,1:4'! &)! /#! 31$4$),!




! "(! $,1#'&/3$%,! ')! +,)+1,6! &)! 13/),&%! 3%#! (1'! -#'$,/33-%#)'! &)(! ;18,-31#$)!
+1,1!1')?/,1,!/#!12/'$)!+,)3-'%!7!+1,1!)*+/('1,!$%&%!)(!1-,)!&)(!'-'$).1=!`#$)'!&)!
).+)01,! )(! )*+),-.)#$%5! )(! $,1#'&/3$%,! ;/)! 3X)M/)1&%! +1,1! :),-;-31,! M/)! (1!
+,)'-6#! ),1! ,)?-'$,1&1! 3%,,)3$1.)#$)=! J1,1! '/! 31(-8,13-6#5! 3%#)3$1.%'! )(!
$,1#'&/3$%,! 1! /#1! 3%(/.#1! 31(-8,1&1! &)! .),3/,-%! 7! ')! 3X)M/)6! M/)! (1! +,)'-6#!
+,)')#$)!)#!(1!3%(/.#1!3%-#3-&<1!3%#!(1!,)?-'$,1&1!)#!(1!P+1#$1((1P=!
! "(! $,1#'&/3$%,! ')! 3%#)3$6! 1! /#! 1.+(-;-31&%,! &)! ')91(! Fa>UUV! ^,-&?)!

















AAA+! H8C9'&#.82! 8E! Z-'7M?#C-! A23&'80%7'&! ,&-..%&-! W%&#2$! P'.-&! #2! B#3%!
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